Eosinophilic cell change is one of the most common endometrial metaplasias occurring in both non-neoplastic and neoplastic endometrium. Its phenotypic characteristics have not still been fully clarified. We examined expression of mucin core proteins in a total of 95 distinct histological areas of endometrial specimens comprising 39 benign nonhyperplastic endometria, 14 endometrial hyperplasias, and 42 endometrial carcinomas. Eosinophilic cell change was very common, seen in 27 endometrial areas (28%); mucinous metaplasia (28%) and ciliated (tubal) change (31%), were also frequently seen. Eosinophilic cell change was more frequently seen in endometrial hyperplasia and carcinoma than in benign nonhyperplastic endometrium. In endometrial carcinomas, eosinophilic cell change was frequently associated with mucinous metaplasia and the two types of metaplastic cells were occasionally intermingled in a single neoplastic gland. A total of 23 (85%) of 27 eosinophilic cell changes and 18 (72%) of 25 mucinous metaplasias showed MUC5AC expression. These frequencies of MUC5AC expression did not differ significantly among benign non-hyperplastic endometrium, endometrial hyperplasia and endometrial carcinoma. Totally, 15 (52%) of 29 ciliated (tubal) changes and two (100%) of two surface syncytial changes, which showed cytoplasmic eosinophilia at least focally, also expressed MUC5AC. Most of the endometrial changes characterized by cytoplasmic eosinophilia may be subtypes of immature mucinous metaplasia which express a mucin core protein but are not fully glycosylated.
Endometrial epithelial metaplasia refers to the phenomenon in which endometrial glandular epithelium is replaced by other types of cells which are either not seen or very rarely seen in normal endometrial glands. This phenomenon was first described systematically by Hendrickson and Kempson in 1980.
1 Endometrial metaplastic and related changes include squamous metaplasia/morules, mucinous metaplasia, ciliated (tubal) change, eosinophilic cell change, hobnail cell change, clear cell change, secretory change, surface syncytial change, papillary proliferation, and Arias-Stella change. [1] [2] [3] It is not uncommon to see several different types of metaplasia simultaneously in a single gland or even in a single cell. 1, 2 When normal or hyperplastic endometrium shows metaplastic changes, there is a risk of misinterpretation as atypical hyperplasia or even carcinoma. Eosinophilic cell change was previously reported to be most frequently misdiagnosed as adenocarcinoma. 1 It is characterized by cytoplasmic eosinophilia. Cytoplasmic vacuolization or granularity is occasionally seen. Eosinophilic cell change and the closely related ciliated (tubal) change are seen not only in normal endometrium but also in various non-neoplastic and neoplastic endometrial lesions. 4, 5 The cellular nature of eosinophilic cell change is poorly characterized, except for the rare subtype of oncocytic metaplasia, which is characterized by eosinophilic granular cytoplasm. Abundant intracytoplasmic mitochondria have been identified ultastructurally in oncocytic metaplasia of both benign and malignant endometrium. 6 However, the phenotypic characteristics of most other eosinophilic cell changes have not been evaluated in large numbers of cases.
We have noted occasional cytoplasmic vacuolation and a frequent association of eosinophilic cell change with mucinous metaplasia in endometrioid adenocarcinoma. Clement and Young 7 described the frequent admixture of an oxyphilic cell component in mucinous adenocarcinoma of the endometrium in their recent review. We speculated that eosinophilic cell change may have some relationship to mucinous metaplasia.
In this study, we examined the expression of MUCs2, 5AC, and 6 in both normal endometrium and a variety of endometrial lesions and evaluated the relationships between eosinophilic cell change and mucinous differentiation. We did not examine MUC1 expression in the present study because MUC1 is already known to be expressed in almost any normal epithelial cells, not only in the female genital tract 8 but also in many other organs. 9 
Materials and methods
We used formalin-fixed paraffin-embedded tissue sections of endometrium from 85 cases obtained either by surgery or curettage. When one case contained more than two different lesions (ie carcinoma and endometrial polyp), the two lesions were evaluated separately, so a total of 95 distinct histological areas were the subject of this study. For immunohistochemistry, 4 mm-thick serial sections were made from paraffin blocks. In hysterectomy cases, one or two blocks which contained the most representative lesion were selected for immunohistochemistry. The antibodies used were MUC2 (Ccp58, Novocastra, Newcastle upon Tyne, UK, 1:100), MUC5AC (CLH2, Novocastra, Newcastle upon Tyne, UK, 1:100), and MUC6 (CLH5, Novocastra, Newcastle upon Tyne, UK, 1:100). The specimens were pretreated with citrate buffer of pH 6.0 at 1211C for 5 min. Signals were detected using 
Results
The frequencies of metaplastic changes are shown in Table 1 . Of the 95 areas examined, 27 (28%) contained eosinophilic cell change. Eosinophilic cell change was the most common metaplasia in endometrial hyperplasia and was seen in seven (50%) of the 14 lesions. In endometrial carcinoma, mucinous metaplasia (Figure 1a) was the most common metaplasia, followed by eosinophilic cell change (Figure 1b) , seen respectively in 21 (49%) and 16 (37%) of the 42 lesions. Eosinophilic cell change was more frequently seen in endometrial hyperplasia and carcinoma than in benign nonhyperplastic endometrium. No metaplasia was seen in the three serous adenocarcinomas studied.
Two or more types of metaplasia were seen in the same focus studied in 22 cases. The combination of eosinophilic cell change and mucinous metaplasia was the most common, seen in 12 lesions, all of which were endometrioid adenocarcinomas. In total, 75% of the endometrioid adenocarcinomas with eosinophilic cell change also had mucinous metaplasia. Focally, the two types of metaplastic cells were also seen simultaneously within a single neoplastic gland (Figure 1c) . Eosinophilic cell change and ciliated (tubal) change were the second most common combination, and this pattern was mostly seen in benign nonhyperplastic endometrium. Ciliated (tubal) change usually showed cytoplasmic eosinophilia. Two lesions of surface syncytial change also showed cytoplasmic eosinophilia.
Expression of the mucin core proteins is shown in Table 2 . In all, 44 cases, five of which were grade 1 Eosinophilic cell change of the endometrium S Moritani et al endometrioid adenocarcinoma containing areas of normal endometrium within the same specimen, had conventional normal endometrial glands without metaplasia. In 19 (43%) of these 44 cases, MUC6 was positive in the deeper portion of at least a few glands. MUC6-positive glands were more frequent in atrophic endometria than in nonatrophic ones. None of the glands that expressed MUC6 were of secretory type. Nonmetaplastic glands in endometrial hyperplasia did not express any core proteins. Five (14%) of the 36 endometrioid adenocarcinomas expressed MUC6 focally in the conventional endometrioid-type neoplastic glands.
Among metaplasias, expression of the mucin core proteins was noted at least focally in ciliated (tubal) change, mucinous metaplasia, eosinophilic cell change, and surface syncytial change (Table 3) . Squamous metaplasia/morules and Arias-Stella change did not express any of the core proteins. MUC5AC was the most common core protein expressed. MUC2 was seen in only one case of endometrial polyp with intestinal metaplasia. This polyp also showed mucinous metaplasia mimicking pyloric glands and MUC6 was positive in those glands.
MUC5AC expression was especially characteristic of eosinophilic cell change ( Figure 2 ) and mucinous metaplasia (Figure 1d ), being positive in 24 (89%) of 27 eosinophilic cell changes and 18 (72%) of 25 mucinous metaplasias. The pattern of staining was either sporadic or diffuse. The frequency of MU-C5AC expression in mucinous metaplasia and eosinophilic cell change did not differ significantly among benign nonhyperplastic endometrium, endometrial hyperplasia and endometrial carcinoma. Both of the two surface syncytial and 15 (72%) of 29 ciliated (tubal) changes also showed MUC5AC expression. All these metaplastic lesions showed at least focal cytoplasmic eosinophilia.
Discussion
It is notable that not only mucinous metaplasia, but also 88% of the endometria with eosinophilic cell change, expressed MUC5AC. Interestingly, mucinous metaplasia and eosinophilic cell change frequently coexisted in the same fields and even within the same neoplastic glands in endometrioid adenocarcinoma. The two types of metaplasia seem to be closely related. Eosinophilic cell change which is positive for MUC5AC may represent a more immature stage of mucinous metaplasia that expresses mucin core protein but has not been fully glycosylated. In noncancerous endometrium, the metaplastic cells may be stable; however, in endometrial carcinoma, because of the relative genetic Eosinophilic cell change of the endometrium S Moritani et al instability, a transition between eosinophilic cell change and mucinous metaplasia may be more likely to occur. In the normal human uterus, mucinous epithelium exists in endocervical mucosa. Phenotypic characteristics of mucinous epithelium of the endocervix have been investigated by mucin histochemistry and immunohistochemistry. According to those studies, endocervical mucinous epithelium has the same type of mucin as that of gastric foveolar epithelium. 10, 11 Although the columnar epithelium of endometrial glands is characterized by the lack of cytoplasmic mucin, endocervical type mucinous epithelium can be seen in benign and neoplastic endometrium. 12, 13 Primary mucinous adenocarcinoma of the endometrium 14 is considered to be the extreme of mucinous metaplasia in endometrioid adenocarcinoma and its clinical behavior does not differ significantly from that of conventional endometrioid adenocarcinoma. 7, 15 The mucinous neoplastic epithelium in endometrioid adenocarcinoma is histochemically identical to normal endocervical mucinous epithelium. [12] [13] [14] Morphologically recognizable mucins are high molecular weight glycoproteins, more than 50% of which consist of O-linked oligosaccharides. 9 Mucins are made up of core proteins coded by mucin genes specific to their types and chains of numerous oligosaccharides binding to the core proteins. Epithelial mucins are classified into eight types: MUC1, MUC2, MUC3, MUC4, MUC5AC, MUC5B, MUC6 and MUC7, by the types of their core proteins. 9 Monoclonal antibodies to some of these core proteins are now available commercially. Immunohistochemistry using the antibodies to these mucin core proteins can detect cells showing mucinous differentiation with higher sensitivity than mucin histochemical stains, because it can recognize the cells showing mucin gene expression but not fully glycosylated. In normal human female reproductive tract epithelia, MUCs1, 4, 5AC, 5B, and 6 were identified in uterine cervical mucosa, and MUCs1 and 6 have been identified in the endometrium.
8 MUC2 was identified in immature squamous metaplasia of the uterine cervix. 16 The present study using immunohistochemistry for mucin core proteins also confirmed similar mucin core protein between normal endocervical mucinous epithelium and mucinous metaplasia of both normal and pathological endometrium.
In addition to mucinous metaplasia and eosinophilic cell change, MUC5AC was also positive in 100% of surface syncytial change (although only two cases) and 52% of ciliated (tubal) change. All these lesions also showed cytoplasmic eosinophilia at least focally. Not only surface syncytial change, but also ciliated (tubal) change, frequently involved the endometrial surface epithelium. On the other hand, MUC6 was seen in deeper portions of a few endometrial glands in 43% of normal nonmetaplastic endometria. The tendency of MUC6-positive glands to be more visible in atrophic endometria may reflect the relative predominance of the basalis over the functionalis in atrophic endometria.
MUC5AC and MUC6 were originally described in the stomach; the former was seen in foveolar epithelium and the latter in pyloric glands. 9 The polarity of surface MUC5AC and deep MUC6 expression was reported not only in normal gastric mucosa, but also in gastric metaplasia occurring in the ileum with Crohn's disease, 17 in ulcerative colitis with regeneration, 18 and in Barrett's esophagus of experimental animals. 19 The greater likelihood of MUC5AC to be expressed on the surface of the endometrium may be ascribed to regenerative reactions after various insults. There are several articles which suggest that surface syncytial change of the endometrium may represent a regenerative phenomenon. 20 Eosinophilic cell change associated with surface syncytial change and ciliated (tubal) change occurring in the surface endometrium may thus also be an exaggerated form of regenerative change. 
